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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a high pres- s 
sure discharge lamp and a method for producing the 
same. In particular, the present invention relates to a 
high pressure discharge lamp used for general illumina- 
tion or other applications such as projectors and head- 
lights of automobiles when it is used in combination with 10 
a reflecting mirror. 

[0002] In recent years, an image projection apparatus 
such as a liquid crystal projector and a DMD projector 
has been widely used as a system for realizing large- 
scale screen images, and a high pressure discharge 15 
lamp having a high intensity has been commonly and 
widely used in such an image projection apparatus. Fig- 
ure 12 is a schematic view showing the structure of a 
conventional high pressure discharge lamp 1000. The 
lamp 1000 shown in Figure 12 is a so-called ultra-high 20 
pressure mercury lamp. 

[0003] The lamp 1000 includes a luminous bulb 110 
made of quartz glass, and a pair of sealing portions 1 20 
(seal portions) extending from both ends of the luminous 
bulb 110. In the luminous bulb 110 (discharge space), 25 
a luminous material (mercury) 118 is enclosed, and a 
pair of tungsten electrodes (W electrode) 112 made of 
tungsten are opposed to each other with a certain gap. 
One end of the W electrode 112 is welded to a molyb- 
denum foil (Mo foil) 124 in the sealing portion 120, and 30 
the W electrode 112 and the Mo foil 124 are electrically 
connected. An external lead (Mo rod) 126 made of mo- 
lybdenum is electrically connected to one end of the Mo 
foil 124. In addition to the mercury 118, argon (Ar) and 
a small amount of halogen are enclosed in the luminous 35 
bulb 110. 

[0004] Next, the operational principle of the lamp 
1000 will be described. When a start voltage is applied 
to the W electrodes 112 and 112' via the external leads 
1 26 and the Mo foils 1 24, discharge of argon (Ar) occurs. 40 
Then, this discharge raises the temperature in the dis- 
charge space of the luminous bulb 110, and thus the 
mercury 1 1 8 is heated and evaporated. Thereafter, mer- 
cury atoms are excited and become luminous in the arc 
center between the W electrodes 112 and 112. As the 45 
pressure of the mercury vapor pressure of the lamp 
1000 is higher, the lamp is more suitable as a light 
source for an image projection apparatus. However, in 
view of the physical strength against pressure of the lu- 
minous bulb 110, the lamp 1000 is used at a mercury 50 
vapor pressure of 15 to 25MPa (1 50 to 200 atm). 
[0005] The conventional lamp 1000 has a strength 
against a pressure about 20 MPa, but research and de- 
velopment to increase the strength against pressure 
have been conducted in order to improve the lamp char- 55 
acteristics further. However, a high pressure discharge 
lamp having a significantly high strength against pres- 
sure (e.g., about 30 MPa or more) for practical use has 



not been realized yet. Also there is a demand for a long 
life of a lamp and it is preferable that in the high pressure 
discharge lamp, blackening occurring in the luminous 
bulb 110 can be prevented effectively. 

SUMMARY OF THE INVENTION 

[0006] Therefore, with the foregoing in mind, it is a 
main object of the present invention to provide a high 
pressure discharge lamp having better characteristics 
(e.g., high strength against pressure, long life) than 
those of a conventional high pressure discharge lamp. 
[0007] A first high pressure discharge lamp of the 
present invention includes a luminous bulb in which a 
pair of electrodes are opposed to each other in the bulb. 
At least mercury and halogen are contained in the lumi- 
nous bulb, and at least one metal selected from the 
group consisting of Pt, Ir, Rh, Ru and Re is present in 
the luminous bulb. 

[0008] In one preferable embodiment, the amount of 
mercury enclosed per unit volume of the luminous bulb 
is 230 mg / cc or more. 

[0009] It is preferable that the amount of mercury en- 
closed per unit volume of the luminous bulb is 300 mg / 
cc or more. 

[0010] In one preferable embodiment, the operating 
pressure in the luminous bulb is 23 MPa or more. 
[0011] It is preferable that the operating pressure in 
the luminous bulb is 30 MPa or more. 
[0012] It is preferabie that the metal present in the lu- 
minous bulb is Pt. 

[001 3] A second high pressure discharge lamp of the 
present invention includes a luminous bulb in which a 
pair of electrodes are opposed to each other in the bulb, 
and a sealing portion extending from the luminous bulb 
and having a portion of the electrode therein. A metal 
film made of at least one metal selected from the group 
consisting of Pt, Ir, Rh, Ru and Re is formed on a surface 
of at least a part of the portion of the electrode that is 
positioned in the sealing portion. 
[0014] In one preferable embodiment, the electrode 
is connected to a metal foil provided in the sealing por- 
tion by welding, and the metal film is not formed on a 
welded portion with the metal foil, and formed on a sur- 
face of the electrode that is buried in the sealing portion. 
[0015] It is preferable that a part of the metal consti- 
tuting the metal film is present in the luminous bulb. 
[0016] In one preferable embodiment, the metal film 
is made of Pt. 

[0017] In one preferable embodiment, the metal film 
may have a multilayered structure including an Au layer 
as a lower layer and a Pt layer as an upper layer. 
[0018] A third high pressure discharge lamp of the 
present invention includes a luminous bulb in which a 
pair of electrodes are opposed to each other in the bulb; 
a metal foil connected to the electrode by welding; and 
a sealing portion extending from the luminous bulb and 
sealing the metal foil. The metal foil and a portion of the 
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electrode are buried in the sealing portion. A metal film 
made of at least one metal selected from the group con- 
sisting of Pt, Ir, Rh, Ru and Re is formed on a surface 
of the portion of the electrode that is buried in the sealing 
portion, and A < B is satisfied, where A is the thickness 
of the metal film in a welded portion of the metal foil and 
the electrode, and B is the thickness of the metal film in 
portions other than the welded portion. 
[0019] A fourth high pressure discharge lamp of the 
present invention includes a luminous bulb in which a 
pair of electrodes are opposed to each other in the bulb; 
a metal foil connected to the electrode by welding; and 
a sealing portion extending from the luminous bulb and 
sealing the metal foil. The metal foil and a portion of the 
electrode are buried in the sealing portion. A metal film 
made of at least one metal selected from the group con- 
sisting of Pt, Ir, Rh, Ru and Re is formed on a surface 
of the portion of the electrode that is buried in the sealing 
portion, and C < 2D is satisfied, where C is the width of 
the metal foil in a welded portion of the metal foil and 
the electrode, and D is the outer diameter of the elec- 
trode in the welded portion. 

[0020] It is preferable that a part of the metal consti- 
tuting the metal film is present in the luminous bulb. 
[0021] In one preferable embodiment, the metal film 
is made of Pt. 

[0022] In one preferable embodiment, the metal film 
may have a multi layered structure including an Au layer 
as a lower layer and a Pt layer as an upper layer. 
[0023] A fifth high pressure discharge lamp of the 
present invention includes a luminous bulb in which a 
pair of electrodes are opposed to each other in the bulb; 
and a sealing portion extending from the luminous bulb 
and having a portion of the electrode inside. A coil hav- 
ing at least one metal selected from the group consisting 
of Pt, Ir, Rh, Ru and Re on its surface is wound around 
the portion of the electrode that is positioned in the seal- 
ing portion. 

[0024] A sixth high pressure discharge lamp of the 
present invention includes a luminous bulb in which a 
pair of electrodes are opposed to each other in the bulb; 
a metal foil connected to the electrode by welding; and 
a sealing portion extending from the luminous bulb and 
sealing the metal foil. The metal foil and a portion of the 
electrode are buried in the sealing portion. A coil having 
at least one metal selected from the group consisting of 
Pt, Ir, Rh, Ru and Re on its surface is wound around the 
electrode that is buried in the sealing portion. 
[0025] It is preferable that a part of the metal consti- 
tuting the metal film is present in the luminous bulb. 
[0026] It is preferable that the coil has a metal film 
made of Pt on its surface. 

[0027] In one preferable embodiment, the coil has a 
metal film having a multilayered structure including an 
Au layer as a lower layer and a Pt layer as an upper 
layer on its surface. 

[0028] It is preferable that at least mercury and halo- 
gen are contained in the luminous bulb, and at least one 



metal selected from the group consisting of Pt, Ir, Rh, 
Ru and Re is present in the luminous bulb. 
[0029] In one preferable embodiment, the amount of 
mercury enclosed per unit volume of the luminous bulb 
5 is 230 mg / cc or more. 

[0030] It is preferable that the amount of mercury en- 
closed per unit volume of the luminous bulb is 300 mg / 
cc or more. 

[0031] In one preferable embodiment, the operating 
10 pressure in the luminous bulb is 23 MPa or more. 
[0032] It is preferable that the operating pressure in 
the luminous bulb is 30 MPa or more. 
[0033] It is preferable that the metal present in the lu- 
minous bulb is Pt. 
is [0034] A method for producing a high pressure dis- 
charge lamp of the present invention includes the steps 
of (a) preparing a glass tube including a luminous bulb 
portion that is to serve as a luminous bulb of a high pres- 
sure discharge lamp and a side tube portion extending 

20 from the luminous bulb portion, (b) preparing an elec- 
trode structure in which one end of an electrode rod is 
connected to a metal foil by welding, and a metal film 
made of at least one metal selected from group consist- 
ing of Pt, Ir, Rh, Ru, and Re is formed on a surface of a 

25 part of the portion of the electrode rod that is positioned 
in the side tube portion, (c) inserting the electrode struc- 
ture into the side tube portion such that a head of the 
electrode rod is positioned inside the luminous bulb por- 
tion, and (d) heating and sealing the side tube portion 

30 so that the side tube portion and the metal foil are at- 
tached tightly. 

[0035] In one preferable embodiment, in the step (b), 
the electrode structure that satisfies A < B is prepared, 
where A is the thickness of the metal film in a welded 
35 portion of the metal foil and the electrode rod, and B is 
the thickness of the metal film in portions other than the 
welded portion. 

[0036] In one preferable embodiment, in the step (b), 
the electrode structure that satisfies C < 2D is prepared, 

*o where C is the width of the metal foil in a welded portion 
of the metal foil and the electrode rod, and D is the outer 
diameter of the electrode rod in the welded portion. 
[0037] It is preferable that the metal film in the step 
(b) is made of Pt. 

45 [0038] It is preferable that the metal film in the step 
(b) has a multilayered structure including an Au layer as " 
a lower layer and a Pt layer as an upper layer. 
[0039] It is preferable that a part of the metal consti- 
tuting the metal film is introduced into the luminous bulb 

50 portion by heating in the step (d). 

[0040] A method for producing a high pressure dis- 
charge lamp of the present invention includes the steps 
of (a) preparing a glass tube including a luminous bulb 
portion that is to serve as a luminous bulb of a high pres- 

« sure discharge lamp and a side tube portion extending 
from the luminous bulb portion, (b) preparing an elec- 
trode structure in which one end of an electrode rod is 
connected to a metal foil by welding, and a coil having 
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at least one metal selected from group consisting of Pt, 
Ir, Rh, Ru, and Re on its surface is wound around the 
portion of the electrode rod that is positioned in the side 
tube portion, (c) inserting the electrode structure into the 
side tube portion such that a head of the electrode rod 
is positioned inside the luminous bulb portion, and (d) 
heating and sealing the side tube portion so that the side 
tube portion and the metal foil are attached tightly. 
[0041] In one preferable embodiment, in the step (b) 
of preparing an electrode structure includes inserting 
the electrode rod in the electrode structure through the 
coil having the at least one metal on its surface; and 
welding the coil through which the electrode rod is in- 
serted to the electrode rod. 

[0042] In one preferable embodiment, the coil in the 
step (b) has a film made of Pt on its surface. 
[0043] In one preferable embodiment, the coil in the 
step (b) has a metal film having a multilayered structure 
including an Au layer as a lower layer and a Pt layer as 
an upper layer. 

[0044] It is preferable that a part of the metal coating 
the surface of the coil is introduced into the luminous 
bulb portion by heating in the step (d). 
[0045] In one preferable embodiment, the method for 
producing a high pressure discharge lamp further in- 
cludes introducing at least mercury and halogen into the 
luminous bulb portion. 

[0046] In one preferable embodiment, the amount of 
mercury enclosed per unit volume of the luminous bulb 
is 230 mg / cc or more in the introducing step. It is pref- 
erable that the amount of mercury enclosed per unit vol- 
ume of the luminous bulb is 300 mg / cc or more in the 
introducing step. 

[0047] The present invention can provide a high pres- 
sure discharge lamp exhibiting better characteristics (e. 
g., high strength against pressure, long life) than those 
of a conventional high pressure discharge lamp. When 
at least one metal selected from the group consisting of 
Pt, Ir, Rh, Ru, and Re is present in the luminous bulb, a 
high pressure discharge lamp having a long life in which 
blackening can be effectively prevented from occurring 
can be provided. When a metal film made of at least one 
metal selected from the group consisting of Pt, Ir, Rh, 
Ru, and Re is formed on the surface of at least a part of 
the portion of the electrode that is positioned in the seal- 
ing portion, a high pressure discharge lamp having a 
high strength against pressure in which cracks that 
might be otherwise generated in the sealing portion po- 
sitioned around the electrode can be suppressed from 
being generated can be provided. Furthermore, when 
the metal film is not formed in the welded portion, the 
effect of preventing foil floating can be obtained. Also 
when a coil having at least one metal selected from the 
group consisting of Pt, Ir, Rh, Ru, and Re on its surface 
is wound around the portion of the electrode that is po- 
sitioned in the sealing portion, cracks can be sup- 
pressed from being generated. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0048] 

Figure 1 A is a schematic plan cross-sectional view 
showing the structure of a high pressure discharge 
lamp 100 of Embodiment 1 of the present invention. 
Figure 1B is a schematic side cross-sectional view 
of Figure 1A 

Figure 2 is a graph showing the relationship be- 
tween the operation time (h) and the luminous flux 
maintaining ratio. 

Figure 3 is a schematic cross-sectional view show- 
ing the structure of a lamp 200 of Embodiment 1 of 
the present invention. 

Figure 4 is a cross-sectional view for illustrating an 
electrode insertion process. 
Figures 5A to 5D are cross-sectional views showing 
a process sequence of a production method accord- 
ing to Embodiment 1. 

Figure 6 is a schematic cross-sectional view show- 
ing the structure of a lamp 300 of Embodiment 2 of 
the present invention. 

Figure 7 is a schematic cross-sectional view show- 
ing the structure of a variation of the lamp 300 of 
Embodiment 2 of the present invention. 
Figures 8A to 8D are cross-sectional views for illus- 
trating a process sequence of a method for produc- 
ing a coil 40. 

Figures 9A to 9D are cross-sectional views for illus- 
trating a process sequence of another method for 
producing a coil 40. 

Figures 10A to 10C are cross-sectional views for 
illustrating a process seq uence for inserting and fix- 
ing the coil 40 to the electrode rod 16. 
Figure 1 1 is a schematic cross-sectional view show- 
ing the structure of a lamp 900 provided with a mir- 
ror. 

Figure 12 is a schematic cross-sectional view show- 
ing the structure of a conventional high pressure 
discharge lamp. 

Figures 13A and 13B are cross-sectional views 
showing the structure of a known sealing portion. 
Figure 1 4 is a cross-sectional view showing the con- 
figuration of a known closing structure. 



DETAILED DESCRIPTION OF THE INVENTION 



[0049] The inventors of the present invention con- 
so ducted examinations from many aspects in order to im- 
prove the characteristics of a high pressure mercury 
lamp (especially ultra-high pressure mercury lamp), 
which is one type of high pressure discharge lamps, and 
found out by experiments that when Pt element is put in 
55 a luminous bulb, blackening occurring in the luminous 
bulb can be prevented effectively. This knowledge will 
be described in greater detail below. 
[0050] It has been believed that when a lamp of this 
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type is operated, the minimum temperature of the inner 
wall of the luminous bulb is generally about 900°C and 
no material can act as an oxygen getter at such a high 
temperature. However, when the inventor of the present 
invention conducted life tests of an ultra-high pressure 
mercury lamp enclosing Pt in the luminous bulb, the Pt 
acts as an oxygen getter, and blackening is suppressed. 
It was also found out that not only Pt, but also elements 
of the platinum group such as Ir, Rh, Ru, and Re can act 
as an oxygen getter at a high temperature during lamp 
operation. It was confirmed that Au does not act as an 
oxygen getter, but does not facilitate blackening either. 
The inventors of the present invention also investigated 
the characteristics of a lamp in which the surfaces of the 
portions of electrodes buried in sealing portions are 
coated with Pt, which turned out to act as an oxygen 
getter. Then, it was further found out that the strength 
against pressure of the lamp can be improved signifi- 
cantly. The present invention was achieved based on 
these new findings. 

[0051] Hereinafter, embodiments of the present in- 
vention will be described with reference to the accom- 
panying drawings. For simplification, in the following 
drawings, the elements having substantially the same 
function bear the same reference numerals. The 
present invention should not be construed to be limited 
by the following embodiments. 

Embodiment 1 

[0052] Figures 1 A and 1 B are schematic views show- 
ing the cross-sectional structure of a high pressure dis- 
charge lamp of this embodiment. Figure 1A is a plan 
view, and Figure 1 B is a side view. 
[0053] A lamp 100 includes a luminous bulb 10 in 
which a pair of electrodes (12, 12') are opposed inside 
the bulb, and a pair of sealing portions 20 and 20' con- 
nected to the luminous bulb 10. The luminous bulb 10 
is made of quartz glass, and the glass portions of the 
sealing portions (20, 20') are extending from the lumi- 
nous bulb 10. A portion (base portion) of the electrodes 
(12, 12') is buried in the sealing portions (20, 20'), and 
a metal film 30 made of at least one metal selected from 
the group consisting of Pt, Ir, Rh, Ru, and Re is formed 
on a surface of at least a part of the portion of the elec- 
trodes (12, 12') that is buried in the sealing portions (20, 
20"). In this embodiment, the metal film 30 containing Pt 
is formed by plating in a portion of the electrodes (12, 
12), and a part of the Pt in the metal film 30 is present 
in the luminous bulb 10. 

[0054] The electrodes (12, 12') are provided in the lu- 
minous bulb 10 with a gap (arc length) D of about 0.2 to 
5 mm (e.g., 0.6 to 1.0 mm), each of the electrodes (12, 
12') is constituted by an electrode rod 16 made of tung- 
sten. One end of the electrode rod 16 is connected to 
metal foils (24, 24') provided in the sealing portions (20, 
20') by welding. The metal film 30 containing Pt is not 
formed in a welded portion (connection portion) 32 of 



the electrode rod 16 and the metal foil 24, and is formed 
on a surface of the electrode rod 16 buried in the sealing 
portions (20, 20'). A coil 14 is wound around the other 
end (head) of the electrode rod 16 for the purpose of 
5 reducing the temperature of the electrode head during 
lamp operation. 

[0055] In this embodiment, in order to improve the at- 
tachment with the tungsten constituting the electrode 
rod 16, the metal film 30 has a murtilayered structure 

10 including an Au layer as a lower layer and a Pt layer as 
an upper layer. The Au layer and the Pt layer are formed 
by plating. The thickness of the Au layer is, for example, 
0.01 to 0.1 u.m, and the length (plating length) in the lon- 
gitudinal length of the Au layer is about 2 mm. Thethick- 

15 ness of the Pt layerformed on the Au layer is about0.01 
to about 10 u.m (preferably, about 0.1 urn), and the 
length (plating length) in the longitudinal length of the Pt 
~ layer is about 2 mm, as the plating length of the Au layer. 
The amount of plating is, for example about 1 to 4 mg 

20 for Au and about 4 mg for Pt with respect to one elec- 
trode rod 16. 

[0056] The metal film 30 is not necessarily a multi lay- 
ered film of the Au layer and the Pt layer, but may be a 
film of Pt. In the case where the metal film 30 is consti- 

25 tuted by only Pt, although the attachment is slightly low- 
er than in the case of the multi layered film of the Au layer 
and the Pt layer, a sufficient attachment that cannot 
cause any problem in practical use can be obtained, 
which was confirmed by the experiments of the inven- 

30 tors of the present invention. The metal film 30 made 
only of Pt provides the advantage that it can be formed 
easily than the murtilayered film of the Au layer and the 
Pt layer. The thickness of the metal film 30 made of Pt 
is, for example, about 0.01 um to about 1 .0 um 

35 [0057] The metal foils (24, 24') provided in the sealing 
portions (20, 20') are, for example, rectangular molyb- 
denum foils (Mo foils), and lead wires (external leads) 
26 are provided on the opposite side to the side on which 
the electrodes (12, 12') are positioned by welding. This 

40 pair of lead wires 26 are electrically connected to a bal- 
last (not shown). The sealing portions (20, 20') serve to 
maintain airtightness in the discharge space in the lumi- 
nous bulb 1 0 by attaching the glass portions of the seal- 
ing portions and the metal foils (24, 24') with pressure. 

45 A sealing mechanism by the sealing portions (20, 20') 
will be described below. 

[0058] From the viewpoint of thermal expansion coef- 
ficient, quartz glass, which constitutes the glass portion 
of the sealing portions (20, 20'), has a different thermal 

so expansion coefficient from that of molybdenum, which 
constitutes the metal foils (24, 24'), so that they cannot 
be integrated. However, in the case of this constitution, 
the metal foils (24, 24") are plastically deformed by the 
pressure from the glass portions of the sealing portions 

55 so that a gap creased between them can be filled up. 
Therefore, the metal foils (24, 24') and the glass portions 
can be attached to each other so that the luminous bulb 
1 0 can be sealed with the sealing portions (20, 20'). That 
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is to say, sealing with the sealing portions (20, 20') is 
performed by foil sealing by attaching the metal foils (24, 
24') and the glass portions with pressure. 
[0059] Unlike the portion in which the sealing portions 
(20, 20') and the metal foils (24, 24') are positioned, in 
the portion in which the electrode rods 16 are buried, 
the glass portions of the sealing portions and the elec- 
trode rods are not attached tightly, and a gap that cannot 
be visually recognized is present. This gap is created by 
the difference in the thermal expansion coefficient be- 
tween tungsten and quartz glass. In other words, the 
gap is created by the fact that in cooling, tungsten, which 
is a metal, is more likely to be contracted than quartz 
glass. It should be noted that tungsten is not plastically 
deformed unlike molybdenum, so that the gaps between 
the glass portions and the electrode rods 1 6 are not filled 
up. 

[0060] In the lamp 100 of this embodiment, a small 
amount of Pt and Au is present in the luminous bulb 10. 
They have come to be present in the following manner. 
During heating in the process of producing a lamp, a 
part of Pt and Au constituting the metal film 30 formed 
on the surface of the base portion of the electrode rod 
1 6 evaporates and is scattered to the luminous bulb 10 
through the gap between the glass portion of the sealing 
portion and the electrode rod 16. Conventionally, it has 
been believed that when a metal such as Pt is present 
in the luminous bulb 10, it reacts with an enclosed ma- 
terial in the luminous bulb 10, which promotes blacken- 
ing, resulting in a short life of the lamp. However, when 
the inventors of the present invention investigated the 
characteristics of the lamp 100, they confirmed that Pt 
effectively can prevent blackening of the luminous bulb 
10 rather than promoting blackening. The mechanism 
by which Pt can prevent blackening is not clear at 
present, but it seems that during lamp operation, Pt acts 
as an oxygen getter, so that blackening can be sup- 
pressed. When this type of lamp is operated, in general, 
the minimum temperature in the inner wall of the lumi- 
nous bulb 10 is about 900°C, and it has conventionally 
been believed that no material can act as a getter at 
such a high temperature. 

[0061] On the other hand, it was confirmed that unlike 
Pt, Au does not act as an oxygen getter, but it does not 
facilitate blackening, either. Not only Pt, but Ir, Rh, Ru, 
and Re, which are elements of the platinum group, can 
act as an oxygen getter at a high temperature during 
lamp operation. Inthe lamplOO, Pt is scattered from the 
metal film 30 and introduced into the luminous bulb 10. 
This is an easy method for enclosing an appropriate 
amount of Pt to the luminous bulb 10. In other words, 
this method makes it possible to enclose Pt in the lumi- 
nous bulb 10 in an amount that makes the Pt act as a 
getter and does not let the luminous bulb 1 0 be opaque. 
It is preferable not to let the luminous bulb 1 0 be opaque, 
because it can prevent a reduction of the amount of the 
light emitting from the luminous bulb 10. 
[0062] The method for introducing an appropriate 



amount of Pt is not limited to the above method, and Pt 
can be introduced directly into the luminous bulb 10, or 
a metal film or a metal mass containing Pt can be pro- 
vided in the luminous bulb 10. The method for forming 
5 the metal film 30 is not limited to plating, but sputtering 
or evaporation can be used, or a method of applying a 
metal solution and firing it can be also used. 
[0063] The lamp 100 of this embodiment in which the 
metal film 30 is formed in the base portion of the elec- 
ta trode rode 16 exhibits the characteristics of having a 
high withstand pressure exceeding a conventional pres- 
sure of about 20 MPa (about 200 atm) (e.g., 23 MPa or 
25 MPa or more, or 30 to 40 MPa or more, that is, an 
operating pressure of about 230 atm or 250 atm or more, 
15 or about 300 to 400 atm or more), in addition to the effect 
of preventing blackening with the action of Pt as a getter. 
In the lamp 100, the metal film 30 is formed on the sur- 
face of the portion of the electrode rod 16 that is buried 
in the sealing portions (20, 20'), so that small cracks are 
20 prevented from being generated in the glass position 
around the electrode rod 16. This will be described in 
greater detail below. 

[0064] In the case of a lamp without the metal film 30 
in the electrode rod 1 6 positioned in the sealing portion, 

25 when forming the sealing portion in the process of pro- 
ducing a lamp, the glass of the sealing portion and the 
electrode rod 16 are once attached, and then during 
cooling, they are detached because of the difference in 
the thermal expansion coefficient. At this time, cracks 

30 occur in the quartz glass around the electrode rod 16. 
This cracks conventionally have made it difficult to real- 
ize a lamp having such strength against pressure that 
the operating pressure exceeds about 200 atm. In other 
words, when a lamp is used at an operating pressure 

35 exceeding 200 atm, leakage of the luminous bulb 10 oc- 
curs, that is, the sealing structure of the sealing portions 
(20, 20') occurs. Therefore, in view of the strength 
against pressure, an ultra-high pressure mercury lamp 
that can withstand about 20 MPa or more has not been 

40 realized so far. 

[0065] In the lamp 100 of this embodiment, the metal 
film 30 having a Pt layer on its surface is formed on the 
surface of the electrode rod 16, so that the wettability 
between the quartz glass of the sealing portions (20, 

45 20') and the surface (Pt layer) of the electrode rod 16 
becomes poor. In other words, the wettability between 
the metal and the quartz glass becomes poorer in the 
case of the combination of the platinum and the quartz 
glass than in the case of the tungsten and the quartz 

50 glass, so that they are detached more readily without 
being attached. Thus, the poor wettability between the 
electrode rod 16 and the quartz glass facilitates their de- 
tachment during cooling after heating, which can pre- 
vent small cracks from occurring. The lamp 100 pro- 

55 duced based on the technical idea that the generation 
of cracks is prevented by utilizing poor wettability is an 
epoch-making lamp that can realize an operating pres- 
sure of 30 to 40 MPa, which are more than 20 M Pa, and 
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was either difficult or impossible to realize in the past, 
[0066] The lamp 100 that can realize such high 
strength against pressure can provide the following ad- 
vantages. In recent years, in order to obtain a high out- 
put and high power high pressure mercury lamp, a short 
arc type mercury lamp having a short arc length (dis- 
tance D between the electrodes) (e.g., D is 2mm or less) 
has been under development. In the case of the short 
arc type lamp, it is necessary to enclose a larger amount 
of mercury than usual in order to suppress the evapo- 
ration of the electrode from being speeded up due to an 
increase of current. As described above, in the conven- 
tional structure, there was the upper limitation on the 
strength against pressure, so that there was also the up- 
per limitation of the amount of mercury to be enclosed 
(e.g., about 200 mg/cc or less). Therefore, there was a 
limitation on the realization of the lamp exhibiting better 
characteristics. The lamp 100 of this embodiment can 
eliminate such a conventionally present limitation, and 
can promote the development of the lamp exhibiting ex- 
cellent characteristics that could not be realized in the 
past. The lamp 100 of this embodiment makes it possi- 
ble to realize a lamp having an amount of mercury to be 
enclosed of more than about 200 mg/cc or about 300 
mg /cc or more. 

[0067] The technology that can realize an amount of 
mercury to be enclosed of about 300 to 400 mg/cc or 
more (operating pressure for lamp operation of 30 to 40 
MPa) has a significance that the security and reliability 
of a lamp of a level exceeding the operating pressure 
for lamp operation of 20 MPa (that is, a lamp having an 
operating pressure exceeding current 15 to 20 MPa, for 
example a lamp with 23 MPa or more or 25 MPa or 
more) can be guaranteed. In the case of mass produc- 
tion of lamps, it is inevitable that there are variations in 
the characteristics of the lamps, so that it is necessary 
to ensure the withstand pressure with consideration for 
the margin, even for a lamp having a light operating 
pressure of about 23 MPa. Therefore, the technology 
that can achieve a withstand pressure of 30 MPa also 
provides a large advantage to lamps having a withstand 
pressure of less than 30 MPa from the viewpoint that 
products can be actually supplied. If lamps with 23 MPa 
or even lower are produced utilizing the technology that 
can achieve a withstand pressure of 30 MPa, the secu- 
rity and the reliability can be improved. 
[0068] The inventors of the present invention con- 
ducted life tests with respect to the lamp 1 00 of this em- 
bodiment in which the base of the electrode rod 16 is 
plated with the metal film 30 and a lamp as a compara- 
tive example having the same structure as the lamp 1 00 
except that the metal film 30 is not provided. The life 
tests were performed by repeating turning on for 60 min- 
utes and then turning off for 1 5 minutes. When the lamp 
100 was operated at 30 MPa or more, it was confirmed 
that leakage or breakage did not occur for 1500 hour 
operation. In the comparative lamp, it was confirmed 
that it was not able to be operated at 30 MPa, because 



it had cracks around the electrode rod 16. 
[0069] Figure 2 shows changes in the luminous flux 
maintaining ratio in the life test of the lamp 100 of this 
embodiment and the comparative lamp. Since the com- 
5 parative lamp cannot be operated at 30 MPa, the 
amount of mercury that corresponds thereto (about 200 
mg/cc) was used, and the distance D between the elec- 
trodes was adjusted so that the electrical characteristics 
of the lamp was equal to those of the lamp 100. As seen 
10 from Figure 2, the luminous flux maintaining ratio of the 
lamp 1 00 was maintained at about 95 % even at the time 
of 1500 hours. On the other hand, the luminous flux 
maintaining ratio of the comparative lamp was stared 
being reduced from a comparatively early time and be- 
came about 85%, which is lower than 90%, at the time 
of 1500 hours. These results indicate that the lamp 100 
has excellent characteristics. 

[0070] The illustrative conditions of the lamp 100 of 
this embodiment are as follows. The luminous bulb 10 
is made of a high purity quartz glass containing a low 
level of alkali metal impurities (e.g., 1 ppm or less), and 
is substantially spherical. The outer diameter of the lu- 
minous bulb 10 is, for example, about 5 mm to 20 mm, 
and the thickness of the glass of the luminous bulb 10 
is, for example, about 1 mm to 5 mm. The volume of 
discharge space in the luminous bulb 10 is, for example, 
0.01 to 1 cc (0.01 to 1 cm 3 ). In this embodiment, the 
luminous bulb 10 having an outer diameter of about 9 
mm, an inner diameter of about 4 mm, and a volume of 
discharge space of about 0.06 cc is used. Mercury is 
used as a luminous material 18, and about at least 300 
mg/cc (e.g., 300 mg to 400 mg) and a rare gas (e.g., 
argon) with 5 to 30 MPa and a small amount of halogen 
are enclosed in the luminous bulb 10. 
[0071] The enclosed halogen serves for the halogen 
cycles that returns W (tungsten) evaporated from the 
electrodes (12, 12') during lamp operation to the elec- 
trodes (12, 12') again. For example, bromine can be 
used. The enclosed halogen can be in the form of a hal- 
ogen precursor, instead of the form of a single sub- 
stance, and in this embodiment, halogen in the form of 
CH 2 Br 2 is introduced Into the luminous bulb 10. The 
amount of CH 2 Br 2 is about 0.0017 to 0.17 mg/cc. This 
corresponds to about 0.01 to 1 yrnol /cc in terms of the 
halogen atom density during lamp operation. The 
strength against pressure (operating pressure) of the 
lamp 100 can be 20 MPa or more (e.g., about 30 to 40 
MPa or more). Moreover, a lamp having a bulb wall load, 
for example, in the range from about 60W /cm 2 to 200 
W /cm 2 (preferably about 80 to 150 W/cm 2 ) can be re- 
alized. The rated power is, for example, 1 50 W (the bulb 
wall load in this case corresponds to about 130 W/cm 2 ). 
[0072] Furthermore, in the lamp 100 of this embodi- 
ment, the surface of the base portion of the electrode 
rod 16 is protected by the metal film 30, so that a larger 
amount of halogen than a regular amount can be en- 
closed. The reason for this is as follows. When a large 
amount of halogen is present in the luminous bulb 10, 
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the problem is caused that excessive halogen other than 
those participating in the halogen cycle attacks the base 
of the electrode rod 16 and narrowed the base. In order 
to proceed satisfactorily with the halogen cycle to pre- 
vent blackening effectively, it is preferable that a slightly 5 
excessive amount of halogen is enclosed in many cas- 
es, but as described above, an excessive amount of hal- 
ogen narrows the base of the electrode rod 16, which 
results in a short life. However, in the lamp 100 of this 
embodiment, the base portion is protected by the metal 10 
film 30, so that it is possible to avoid this problem of nar- 
rowing of the base of the electrode rod 16. Therefore, a 
larger amount of halogen than a regular amount can be 
enclosed in the luminous bulb 10. Thus, in the lamp 100 
of this embodiment, the metal film 30 can act as a hal- 15 
ogen attack preventing film, and it is possible to enclose 
halogen about 100 times as much as the conventional 
amount of halogen (e.g., about 0.17 to 17 mg/cc). En- 
closing halogen in an amount more than necessary is 
not required by the lamp 100, and a specific amount of 20 
halogen can be determined as appropriate so that the 
desired characteristics can be obtained. 
[0073] The conditions of the lamp 100 used in the 
lamp tests are as follows. The outer diameter and the 
inner diameter of the luminous bulb 10 are 9 mm and 4 25 
mm, respectively. The volume of the luminous bulb 10 
is about 0.06 cc. The electrode rod 1 6 is a tungsten elec- 
trode rod having a rod diameter of 0.3 mm. The metal 
foils (24, 24') are molybdenum foils having a width of 
1 .5 mm, and the lead wire 26 is made of molybdenum. 30 
The metal film 30 is a plated layer having a two-layered 
structure of Pt/Au (thickness of Au; 0.01 to 0.1 urn, thick- 
ness of Pt; about 0.1 ujti), and the plating length is about 
2 mm. The plating amount is about 1 to 4 u.g for Au and 
about 4 u.g for Pt per electrode. The mercury amount is 35 
1 8 to 24 mg (the mercury amount per inner volume of 
the luminous bulb 10 is 300 to 400 mg/cc). The enclos- 
ing pressure of rare gas (Ar) containing halogen is 200 
torr. The amount of CH 2 Br 2 enclosed is about 0.01 7 mg/ 
cc. The atom density of halogen during operation is *o 
about 0.1 u,mol/cc. 

[0074] In the lamp 100 shown in Figure 1, the metal 
film 30 is not formed in a welded portion 32 of the elec- 
trode rods 1 6 and the metal foils (24, 24') to prevent foil 
floating of the metal foils (24, 24'). This will be described 45 
more specifically. 

[0075] The inventors of the present invention pro- 
duced a lamp in which the metal film 30 is formed up to 
the welding portion 32, and observed the lamp. In a lamp 
enclosing mercury in an amount of 300 mg/cc or more, 50 
so-called "foil floating" occurred. More specifically, a 
part (Pt, Au) of the plated metal film 30 is evaporated by 
heat generated during sealing in a lamp production 
process and goes into the gap between the glass por- 
tions of the sealing portions (20, 20') and the metal foils 55 
(24, 24'), and is attached to a portion of the metal foils. 
Then, a slight gap is formed between the glass portion 
and the metal foils that are attached tightly to each other, 



and thus foil floating occurs. This foil floating is not pref- 
erable because it may cause leakage or breakage. In 
the case of the structure of the lamp 100 in which the 
metal film 30 is not formed in the welded portion 32, the 
foil floating can be prevented effectively. In the case 
where the mercury amount of 300 mg/cc or more, leak- 
age due to the foil floating occurs significantly, and 
therefore it is preferable that in such a case, the metal 
film 30 is not formed on the welded portion 32. When 
the mercury amount is less than 300 mg /cc, the phe- 
nomenon of foil floating is not significantly seen, so that 
it is possible to form the metal film 30 up to the welded 
portion 32. 

[0076] Not only with the structure in which the metal 
film 30 is not formed in the welded portion 32 at all, but 
also with the structure in which the thickness of the metal 
film 30 on the welded portion 32 is smaller than that on 
the other portions, the effect of preventing the foil float- 
ing can be obtained. More specifically, the structure in 
which A < B, where the thickness of the metal film 30 on 
the welded portion 32 is A, and the thickness of the metal 
film 30 on the portions other than the welded portion 32 
is B, can be used. For example, A can be B/2 or less, 
B/4 or less or the like. According to the experiments of 
the inventors of the present invention, with structure in 
which B is 1 urn, foil floating can be suppressed. There- 
fore, it is preferable that B is 1 urn, and it is more pref- 
erable that B is 0.1 urn or less to suppress foil floating 
effectively. 

[0077] In this embodiment, the metal film 30 is of a 
two-layered structure of Pt/Au, so that the wettability be- 
tween the metal film 30 (Pt layer) and the quartz glass 
becomes poor, which can make it difficult to attach the 
metal film 30 to the quartz glass. In addition, the attach- 
ment between the metal film 30 (Au layer) and the elec- 
trode rod (W rod) 1 6 can be improved. When the attach- 
ment between the metal film 30 and the electrode rod 
(W rod) 16 can be improved, the amount of the metal 
film 30 evaporated during heating can be suppressed 
effectively, so that foil floating can be suppressed more 
reliably. In addition, since the film strength is increased, 
film detachment due to contact of electrodes during stor- 
age or production or the like can be prevented. In this 
embodiment, the metal film 30 is of a two-layered struc- 
ture, but can be of a one-layered structure or a three- 
layered structure. Furthermore, a structure in which the 
two-layered structure of Pt/Au is repeated (four layers, 
six layers, etc.) also can be used. In the structure of the 
lamp 100, the metal film 30 containing Pt is used, but 
instead of Pt, or in addition to Pt, the metal film 30 con- 
taining Ir, Rh, Ru, or Re can be used. 
[0078] Furthermore, the metal film 30 is not necessar- 
ily formed on the entire surface of the portion of the elec- 
trode rod 16 that is buried in the sealing portions (20, 
20'), but can be partially formed. For example, the ex- 
periments confirmed that even with if the metal film 30 
is formed in an area of about 1/3 of the metal film 30 
shown in Figure 1 , the effect of preventing blackening 
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or preventing cracks can be provided. The metal film 30 
may be formed on the surface of the electrode rod 16 
that is exposed to the luminous bulb 10, although it does 
not contribute to the effect of preventing cracks. In this 
case, it is preferable to design the structure not to intro- 
duce Ptorthe like in the luminous bulb 10 in an amount 
more than necessary, that is, not to make the luminous 
bulb 10 opaque. According to the experiments of the in- 
ventors of the present invention, when the thickness of 
the metal film 30 was 0.01 jim or more, the effect by the 
metal film 30 was exhibited significantly. When it was 
less than 0.01 urn, the metal film 30 was scattered by 
evaporation during heating, and the effect of preventing 
cracks was reduced. On the other hand, when the thick- 
ness was more than 10 urn, the amount of the metal 
scattered to the luminous bulb 10 was too much, result- 
ing in opaqueness of the luminous bulb 10. Therefore, 
it is preferable that the thickness of the metal film 30 is 
about 0.01 u.m to 10 u,m. 

[0079] In order to avoid the problem of foil floating with 
more emphasis, the structure shown in Figure 3 can be 
used. In a lamp 200 shown in Figure 3, the width of the 
metal foil 24 in the welded portion 32 is nan-owed, so 
that the metal evaporated and scattered from the metal 
film 30 by heating is not attached to the metal foils (24, 
24') as little as possible. More specifically, this is config- 
ured so as to satisfy C < 2D, where C is the width of the 
metal foil 24 in the welded portion 32, and D is the outer 
diameter of the electrode in the welded portion. Since 
the influence of the evaporation and the scattering of the 
metal film 30 positioned near the end of the electrode 
rod 16 is comparatively large, the width C and the outer 
diameter D were determined based on the position of 
the end of the electrode rod 16 in the welded portion 32 
in this embodiment. Also in the structure shown in Figure 
3, it is preferable that the thickness of the metal film 30 
in the welded portion 32 satisfies A < B (A is the thick- 
ness thereof in the welded portion, and B is the thick- 
ness thereof in portions other than the welded portion 
32, and it is more preferable that the metal film 30 is not 
formed in the welded portion 32. 
[0080] Next, referring to Figure 4, a method for pro- 
ducing the lamp 100 of this embodiment will be de- 
scribed. Figure 4 is a cross-sectional view showing a 
process in which an electrode structure 55 containing 
an electrode 12 is inserted into a glass pipe 50 for a 
discharge lamp. 

[0081] First, the glass pipe 50 for a discharge lamp 
having a portion (luminous bulb portion) that is to serve 
as the luminous bulb 10 and a pair of side tube portions 
22 that are to serve as the glass portions of the sealing 
portions (20, 20*) is prepared. The side tube portions 22 
are extending from the luminous tube portion 10, and 
they (10, 22) are both made of quartz glass. In this em- 
bodiment, high purity quartz glass having a low level of 
alkali metal impurities (e.g., 1 ppm) may be used as the 
quartz glass. However, the present invention is not lim- 
ited to such a quartz glass, but a glass pipe for a dis- 



charge lamp made of quartz glass having a not very low 
level of alkali impurities can be prepared and used. The 
outer diameter and the inner diameter of the luminous 
tube portion 1 0 of the prepared glass pipe 50 are 1 0 mm 
5 and 5 mm, respectively, and the outer diameter and the 
inner diameter of the side tube portion 22 are 6 mm and 
2 mm, respectively. 

[0082] Apart from the above-process, the electrode 
structure 55 in which one end of the electrode rod 16 
io provided with the metal film 30 is connected to the metal 
foil 24 is prepared. In the electrode structure 55, the 
electrode rod 16 (electrode 12) and a lead wire 26 are 
welded to the metal foil 24 (Mo foil), and a supporting 
member 28 for fixing the electrode structure 55 to the 
15 inner surface of the side tube portion 22 is provided in 
one end of the lead wire 26. The supporting member 28 
shown in Figure 4 is a molybdenum tape (Mo tape) 
made of molybdenum, but a ring-like spring made of mo- 
lybdenum can be used as well. 
20 [0083] The metal film 30 is formed in the portion of the 
electrode rod 16 that is positioned in the side tube por- 
tion 22. The metal film 30 is not formed in the portion 32 
that is welded to the Mo foil 24 to prevent foil floating. 
Here, an electrode structure 55 that satisfies the condi- 
25 tion of A < B (A is the thickness of the welded portion 32 
and B is the thickness of the portions other than the 
welded portion 32) can be used. To produce the lamp 
200, an electrode structure 55 that satisfies the condi- 
tion of C < 2D (C is the width of the metal foil 24 in the 
30 welded portion 32, and D is the outer diameter of the 
electrode rod 16 in the welded portion 32) can be used. 
In this example, the metal film 30 is not formed in the 
portion that is exposed to the luminous bulb 10. The 
electrode rod 16 is, for example, a tungsten rod having 
35 a diameter <J> of 0.3 mm. The width of the metal foil 24 is 
1.5 mm. The lead wire 26 is, for example, a lead wire 
made of molybdenum having a diameter <J> of 0.5 mm. 
[0084] Next, the electrode structure 55 is inserted into 
the side tube portion 22 of the glass pipe 50 (electrode 
40 insertion process). After this process, the state shown 
in Figure 4 can be obtained. A coil wound around the 
head of the electrode rod 16 is omitted In Figure 4. 
[0085] Thereafter, the side tube portion 22 is heated 
and sealed so that the side tube portion 22 and the metal 
<5 foil 24 are tightly attached (sealing portion formation 
process). More specifically, the pressure in the glass 
pipe 50 is reduced (e.g., less than 1 atm), and the side 
tube portion 22 is heated and softened with, for exam- 
ple, a burner, and then the side tube portion 22 and met- 
so al foil 24 are tightly attached. Thus, the sealing portion 
20 can be obtained. In this process, the electrode rod 
1 6 positioned in the side tube portion 22 is buried in the 
sealing portion 20. In this embodiment, the metal film 30 
that degrades the wettability with quartz glass is formed 
55 on the surface of the electrode rod 1 6 in the sealing por- 
tions 20, so that in cooling after heating, cracks are sup- 
pressed from being generated in the glass positioned 
around the electrode rod 16. Furthermore, in the proc- 
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ess of forming the sealing portions, the electrode rod 16 
having the metal film 30 is also heated, so that a part of 
the metal film 30 is evaporated and is scattered. 
[0086] Next, a material to be enclosed such as mer- 
cury 18 is introduced from the side tube portion 22 that 5 
has not been sealed yet, and then the electrode inser- 
tion process and the sealing portion formation process 
are performed to that side tube portion 22 so that the 
sealing portion 20' can be obtained. Finally, the sealing 
portions (20, 20') are cut at an appropriate length to ex- 10 
pose the lead wires 26 so that the lamp 100 of this em- 
bodiment can be obtained. Pt evaporated and scattered 
from the metal film 30 during heating in the sealing por- 
tion formation process is present in the luminous bulb 
10 of this lamp 100. Not only Pt is introduced into the 
luminous bulb 10 by heating in the sealing portion for- 
mation process, but also Pt can be introduced into the 
luminous bulb 10 by heating the metal film 30 by laser 
or the like. 

[0087] Next, referring to Figures 5 A to 5D, the produc- 20 
tion method of this embodiment will be described in 
greater detail. 

[0088] First, the glass pipe 50 having the luminous 
bulb 10 and the side tube portions 22 is prepared, and 
then as shown in Figure 5 A, the electrode structure 55 25 
is inserted into one side tube portion 22. The metal film 
30 is formed in a part of the electrode 1 2 of the electrode 
structure 55. The glass pipe 50 is supported by a chuck 
52 in such a manner that it can be rotated. The Mo tape 
28 is not shown in Figure 5A to 5D. 30 
[0089] Next, the electrode structure 55 is fixed to a 
predetermined position, and then the glass pipe 50 is 
put in a state in which the pressure thereof can be re- 
duced, and the luminous bulb 10 is evacuated to a vac- 
uum. Then, Ar with about 200 torr is introduced therein. 35 
[0090] Next, as shown in Figure 5B, the side tube por- 
tion 22 is heated with an oxygen-hydrogen burner while 
rotating the glass pipe 50 so that shrinking sealing is 
performed. After shrinking sealing is finished with re- 
spect to one side tube portion 22, mercury in an amount 40 
of 1 8 to 24 mg (the amount of mercury with respect to 
the inner volume of the luminous bulb is 300 to 400 mg/ 
cc) is introduced into the luminous bulb 10. 
[0091 ] Thereafter, the electrode structure 55 including 
the metal foil 24' is inserted into the side tube portion 22 45 
that has not been sealed yet and fixed to a predeter- 
mined position. Then, the luminous bulb 10 is evacuated 
to a vacuum, and then Ar gas containing bromide is en- 
closed at 200 torr therein. 

[0092] Next, the remaining side tube portion 22 is so 
heated for shrinking sealing, as shown in Figure 5B, 
while the mercury in the luminous bulb 10 is cooled with 
liquid nitrogen. Thus, as shown in Figure 5C, a pair of 
sealing portions (20, 20') are formed so that a luminous 
bulb 1 0 having discharge space 1 5 can be obtained. ss 
[0093] Finally, the unwanted portions of the side tube 
portions 22 are cut to exposed the lead wires 26, so that 
the lamp 100 can be completed, as shown in Figure 5D. 



[0094] In the lamp 100 of this embodiment, since at 
least one metal selected from the group consisting of 
Pt, lr, Rh, Ru and Re is present in the luminous bulb 10, 
a high pressure discharge lamp having a long life in 
which blackening is effectively prevented from occurring 
can be realized. 

[0095] Furthermore, since the metal film 30 contain- 
ing at least one metal selected from the group consisting 
of Pt, lr, Rh, Ru and Re is formed on the surface of at 
least a part of a portion of the electrodes (12, 12') that 
is positioned in the sealing portions (20, 20') , cracks are 
prevented from being generated in the glass positioned 
around the electrode base. As a result, a high pressure 
discharge lamp having a very high strength against 
pressure that has not been achieved so far can be ob- 
tained. 

[0096] Moreover, the effect of preventing foil floating 
can be obtained by not forming the metal film 30 in the 
welded portion 32. The effect of preventing foil floating 
also can be obtained by satisfying A < B (A is the thick- 
ness of the welded portion 32 and B is the thickness of 
the portions other than the welded portion 32) or C < 2D 
(C is the width of the metal foil 24 in the welded portion 
32 and D is the outer diameter of the electrode rod 16 
in the welded portion 32). 

[0097] In the lamps 100 and 200 of this embodiment, 
the structures of a pair of electrodes (12, 12') and a pair 
of sealing portions (20, 20') are symmetrical, but the 
present invention is not limited thereto. If the metal film 
30 is formed in at least one electrode, the above-de- 
scribed effects can be obtained, when comparing to the 
conventional lamps. Furthermore, it is possible that one 
sealing portion has the structure of that of the lamp 100 
and the other sealing portion has the structure of that of 
the lamp 200. In addition, to achieve a structure for an 
alternating current operation, it is possible to change the 
shape of the electrode, depending on a cathode or an 
anode. 

Embodiment 2 

[0098] Referring to Figure 6, a high pressure dis- 
charge lamp 300 of Embodiment 2 according to the 
present invention will be described. Figure 6 is a sche- 
matic view showing the structure of the lamp 300. 
[0099] The lamp 300 of this embodiment is different 
from the lamp 100 of Embodiment 1 in that a coil 40 
whose surface is coated with Pt is wound around a por- 
tion of the electrode rod 1 6 that is positioned in the seal- 
ing portions (20, 20') in the lamp 300, as opposed to the 
lamp 100 where the surface of the electrode rod 16 that 
is positioned in the sealing portions (20, 20') is coated 
with Pt. Other aspects are basically the same as in the 
structure of the lamp 100. For simplification of the de- 
scription of this embodiment and the following embodi- 
ments, different aspects from in Embodiment 1 are 
mainly described and the same aspects as in Embodi- 
ment 1 are omitted or simplified. 
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[0100] The coil 40 in the lamp 300, is for example, a 
tungsten coil whose surface is placed with Pt (upper lay- 
er)/Au (lower layer). In other words, the metal film 30 of 
Embodiment 1 is formed on the surface of the coil 40. 
This has a two-layered structure in which the Au layer 
is formed as the lower layer to improve the attachment 
properties. As described in Embodiment 1 , a coil 40 plat- 
ed only with Pt without the two-layered structure of Pt 
(upper layer) / Au (lower layer) can provide sufficient at- 
tachment properties in practical use. Furthermore, the 
metal film 30 can be formed not only by plating, but also 
sputtering, evaporation or a method for applying a metal 
solution and firing it for attachment. Instead of plating 
the surface of a coil, a coin containing Pt as a material 
(including Ptcoil) can be used. In addition, instead of Pt 
or together with Pt, elements of the platinum group such 
as Ir, Rh, Ru and Re can be used. 
[0101 ] It is preferable that the diameter of the coil 40 
is 1/2 or less of the diameter of the electrode rod 16 in 
view of detachment or breakage of the metal foil 24. In 
this embodiment, a tungsten coil having a diameter of 
0.06 mm is wound around a tungsten rod 16 having a 
diameter $ of 0.3 mm. In the lamp 300 shown in Figure 
6, the coil has about 20 to 50 turns with no gap between 
the turns, but the present invention is not limited thereto 
and there may be a gap between the turns, as shown in 
Figure 7. 

[0102] As in the lamp 300 of this embodiment, also 
when the coil 40 whose surface is plated with Pt is 
wound around a portion (base portion of the electrode) 
of the electrode rod 16 that is buried in the sealing por- 
tions (20, 20'), the same effect as in Embodiment 1 can 
be obtained. More specifically, Pt is evaporated and 
scattered from the Pt plating (metal film 30) on the sur- 
face of the coil 40 so that Pt can be introduced into the 
luminous bulb 10. In addition, cracks is prevented from 
being generated in the glass around the electrode rod 
16 by utilizing poor wettability between the Pt and the 
quartz glass. 

[0103] The lamp 300 of this embodiment has larger 
advantages for production process than the lamp 100 
of Embodiment 1 . In the case of lamp 300, it is possible 
to prepare previously plated coils 40 in a mass amount. 
Then, it is sufficient to wind the coil 40 the base of the 
electrode rod 16 of the commonly used electrode struc- 
ture (the electrode structure 55 shown in Figure 4 but 
the metal film 30 is not formed therein). 
[0104] In order to produce the lamp 300, the process- 
es shown in Figures 5A to 5B can be performed with the 
electrode structure 55 wound with the coil 40. Herein, 
"winding an electrode rod with a coil" refers to inserting 
an electrode rod through a coil that has been completed 
by winding a metal wire for a coil so as to provide such 
that the inner surface of the cylindrical coil is in contact 
with or close to the electrode rod, and also producing 
directly a coil by winding a metal wire for a coil around 
an electrode rod so as to provide the coil in the outer 
circumference of the electrode rod. In the case of mass 



production, it is preferable to prepare a completed coil, 
and insert the electrode rod through the coil so as to 
provide the coil in the outer circumference of the elec- 
trode rod. 

5 [0105] In the case where the coil 40 is prepared (in 
particular, a large number of previously plated coils 40 
are prepared), the following procedure is performed. Af- 
ter a metal wire 41 is prepared as shown in Figure 8A, 
a coil 42 in the first stage is produced from the metal 
10 wire 41, and then as shown in Figure 8C, the coil 42 is 
plated so that a coil 43 provided with the metal film 30 
containing Pt at least on its surface can be obtained. 
The metal film 30 also can be formed by evaporation or 
the like, instead of plating. Finally, when the coil 43 is 
15 cut to a predetermined length, the coil 40 provided with 
the metal film 30 can be obtained. After the processes 
shown in Figures 8A and 8B, the coil 42 in the first stage 
is cut to a predetermined length to form the coil 44, as 
shown in Figure 9A, and then as shown in Figure 9B, 
the coil 44 is plated so that the coil 44 having the metal 
film 30 can be produced. 

[0106] The electrode rod 16 is inserted through the 
thus produced coil 40 and thereafter is subjected to a 
process of producing a lamp. For example, as shown in 
Figure 10A, after the electrode structure 55 having the 
electrode rod 16, the metal foil 24 and the like is pre- 
pared, as shown in Figure 10B, the electrode rod 16 of 
the electrode structure 55 is inserted through the coil 40. 
Thereafter, if necessary, as shown in Figure 10C, a pre- 
determined portion of the coil 40 (e.g., a portion in the 
center) is welded so that the coil 40 is fixed to the elec- 
trode rod 16 with the welded portion 34. 
[0107] When the coil 40 is fixed to the electrode rod 
16 in the manner as shown in Figure 10C, the coil 40 
can be floated (detached) from the electrode rod 16 in 
the portions other than the welded portion 34. Therefore, 
a gap is created between the coil 40 and the electrode 
rod 16, so that it is possible to reduce a pressure load 
that is applied to the electrode rod 16 by the coil 40. In 
particular, when producing a discharge lamp having a 
high power and a long life, electrode rods made of very 
high purity tungsten are often used as the electrode rod 
16. The high purity tungsten rod does not have so high 
strength as tungsten whose purity is not so high. There- 
fore, when a high purity tungsten rod is used, the signif- 
icance of using the method for reducing the pressure 
load by the gap becomes larger. 
[0108] Examples of preferable high purity electrode 
rods are those having a content of each of sodium (Na), 
potassium (K) and lithium (Li) of 1 ppm or less. A lamp 
using such high purity electrode rods can provide the 
advantages that blackening that might occur because 
of the presence of alkali metal can be suppressed effec- 
tively, and light color is suppressed from being yellow- 
ish. This high purity electrode rods are disclosed in In- 
ternational Publication WO 01/29862 (corresponding to 
US Application No. 10/111,067), which is incorporated 
herein by reference. 
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[0109] The conditions of typical size or the like of the 
coil 40 is as follows. The diameter of the coil is about 
0.06 mm (about 60 urn), and the pitch center distance 
(distance between the center of a wire and the center of 
the adjacent wire) is about 0.1 mm (about 100 u.m). The 
distance between the adjacent wires is 0.04 mm (about 
40 urn). The coil is wound with a gap between turns, 
because it is more difficult to wind the coil without a gap 
neatly than with a gap. 

[01 1 0] When the metal film 30 in Embodiments 1 and 
2 is constituted only by Pt, the following advantages also 
can be obtained. When the metal film 30 is made only 
of Pt, although the attachment is slightly lower than in 
the case of the two-layered structure of the Pt (upper 
layer) and the Au (lower layer), a sufficient attachment 
that cannot cause any problem in practical use can be 
obtained. Moreover, only Pt can be present in the lumi- 
nous bulb 10 and Au is not used, so that Au cannot be 
contaminated in the luminous bulb 10. As described 
above, Au is not an element that facilitates blackening, 
but when Au is present in luminous bulb 10, the viscosity 
of the mercury 18 in the luminous bulb 10 is increased, 
and in some cases, the mercury 18 is coupled between 
the electrodes 12,12' (so-called mercury bridge) is likely 
to occur, which was found by the experiments of the in- 
ventors of the present invention. In the case where the 
metal film 30 is made only of Pt, it is possible to reduce 
the occurrence of such mercury bridge. The mercury 
bridge can be prevented by displacing one electrode rod 
with the other electrode rod. More specifically, in a high 
pressure mercury lamp (short arc type mercury lamp) in 
which the distance D between one electrode and the 
other electrode of a pair of electrodes is 2 mm or less, 
and the total mass of mercury enclosed is 150 mg/cm 3 
or more, the shortest distance d (cm) between the head 
of one electrode and the head of other electrode should 
be larger than a value of (6M/1 3.6 n ) 1/3 , where M (g) is 
the total mass of mercury enclosed. The countermeas- 
ure of the occurrence of mercury bridge is disclosed in 
Japanese Patent Application No. 2001-149500 (corre- 
sponding to US Application No. 09/865,964), which is 
incorporated herein by reference. 

Embodiment 3 

[0111] The high pressure discharge lamps of Embod- 
iments 1 to 3 can be formed into a lamp provided with 
a mirror or a lamp unit by combining a reflecting mirror. 
Figure 11 is a schematic cross-sectional view of a lamp 
900 provided with a mirror including the lamp 1 00 of Em- 
bodiment 1 . 

[01 12] The lamp 900 provided with a mirror includes 
the lamp 100 including a substantially spherical lumi- 
nous bulb 10 and a pair of sealing portions (20, 20') and 
a reflecting mirror 60 for reflecting light emitted from the < 
lamp 100. The lamp 100 is only illustrative, and any one 
of the lamps 200 to 400 of the above embodiments can 
be used. The lamp 900 provided with a mirror may fur- 



ther include a lamp house holding the reflecting mirror 
60. Herein, Lamp units encompass a lamp including a 
lamp house. 

[0113] The reflecting mirror 60 is designed to reflect 
the radiated light from the discharge lamp 100 so that 
the light becomes, for example, a parallel luminous flux, 
a condensed luminous flux converged on a predeter- 
mined small area, or a divergent luminous flux equal to 
that emitted from a predetermined small area. As the 
reflecting mirror 60, a parabolic reflector or an ellipsoidal 
mirror can be used, for example. 
[0114] In this embodiment, a lamp base 56 is attached 
to one sealing portion 20* of the discharge lamp 100, 
and the lead wire 26 extending from the sealing portion 
20' and the lamp base 56 are electrically connected. The 
sealing portion 20' is adhered to the reflecting mirror 60, 
for example, with an inorganic adhesive (e.g., cement) 
so that they are integrated. A lead wire 26 of the sealing 
portion 20 positioned on the front opening side of the 
reflecting mirror 60 is electrically connected to the lead 
wire 65 for interconnection. The lead wire 65 for inter- 
connection extends from the lead wire 26 to the outside 
of the reflecting mirror 60 through an opening for a lead 
wire 62 of the reflecting mirror 60. For example, a front 
glass can be attached to the front opening of the reflect- 
ing mirror 60. 

[0115] Such a lamp provided with a mirror or a lamp 
unit can be attached to an image projection apparatus 
such as a projector employing liquid crystal or DMD, and 
30 is used as the light source for the image projection ap- 
paratus. The high pressure discharge lamp, the lamp 
provided with a mirror or the lamp unit of the above em- 
bodiments can be used, not only as the light source for 
image projection apparatuses, but also as a light source 
35 for ultraviolet steppers, or a light source for a sport sta- 
dium, a light source for headlights of automobiles, a light 
source for floodlight illuminating traffic signs or the like. 

Other embodiments 

[0116] In the above embodiments, mercury lamps 
employing mercury as the luminous material have been 
described as an example of the high pressure discharge 
lamp of the present invention. However, the present in- 
*5 vention can be applied to any discharge lamps in which 
the airtightness of the luminous bulb is maintained by 
the sealing portions (seal portions). For example, the 
present invention can be applied to a high pressure dis- 
charge lamp enclosing a metal halide such as a metal 
» halide lamp. Also in metal halide lamps, It is preferable 
to prevent leakage and cracks. In recent years, mercury- 
free metal halide lamps that do not contain mercury are 
under rapid development, and the present invention can 
be applied to the metal halide lamps. 
f 5 [0117] In the above embodiments, lamps having a 
mercury vapor pressure of about 20MPa or more (the 
case of so-called ultra- high pressure mercury lamps) 
have been described. However, this does not mean that 
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the application of the present invention to high-pressure 
mercury lamps in which the mercury vapor pressure is 
about 1 MPa is not eliminated. In other words, the 
present invention can be applied to all kinds of high pres- 
sure discharge lamps including ultra-high pressure mer- 
cury lamps and high pressure mercury lamps. Describ- 
ing further, the fact that a lamp is operated stably even 
at a very high operating pressure means that the lamp 
has high reliability. This means that when the structure 
of this embodiment is applied to a lamp having a not 
very high operating pressure (a lamp having an operat- 
ing pressure of less than 30 MPa. e.g., about 20 MPa 
to about 1 MPa), the reliability of the lamp operated at 
that operating pressure can be improved. Therefore, the 
structure of this embodiment can improve the lamp char- 
acteristics from the viewpoint of reliability. In the lamps 
of the above embodiments, the sealing portions (20, 20') 
are produced by shrinking, but this does not eliminate 
those produced by pinching. 

[0118] Furthermore, the distance (arc length) be- 
tween the pair of electrodes 12 and 12' can be the dis- 
tance of a short arc type lamp, or can be longer than 
that. The lamps of the above embodiments can be used 
by either operating method of alternating current oper- 
ation and direct current operation. The structure of the 
above embodiments can be used mutually, which 
means that a structure in combination of any of Embod- 
iments 1 to 3 can be used. 

[01 1 9] The preferable examples of the present inven- 
tion have been described, but these descriptions are not 
limiting the present invention, but various modifications 
can be made. 

[0120] In a mercury lamp having a comparatively high 
mercury vapor pressure, known technologies that are 
directed to improving the structure of the sealing por- 
tions are as follows. 

[0121] Japanese Laid-Open Patent Publication No. 
2001 -23570 discloses a structure of the sealing portions 
for improving the withstand pressure performance of an 
ultra-high pressure mercury lamp with about 190 atm 
(19 MPa). Figures 13A and 13B are enlarged views of 
the main portions of the structure of the sealing portions. 
Figure 13A is a plan view of the portion (electrode base 
portion) in which the electrode 112 is buried in the seal- 
ing portion 1 20. Figure 1 3B is a cross-sectional view tak- 
en along line B-B. As shown in Figures 13A and 13B, 
there is a gap 1 32 between the glass portion of the seal- 
ing portion 120 and the electrode 112, and a peeling lay- 
er 134 is formed on the surface of the glass portion on 
the side of the gap 1 32. The peeling layer 1 34 is peeled 
from the surface of the electrode 112 during cooling after 
sealing in the lamp production process so as to create 
the gap 132 between the glass portion of the sealing 
portion 120 and the electrode 112. This publication de- 
scribes the gap 132 can prevent the generation of small 
cracks in the inner surface of the sealing portion 120. 
[0122] As understood easily from Figures 13A and 
13B, in this structure of the sealing portions, the peeling 



layer 134 is attached to the surface of the glass portion, 
and the metal film is not formed on the surface of the 
electrode 112 buried in the sealing portion 120. Further- 
more, since the peeling layer 134 has to be attached to 
5 the surface of the glass portion in this structure, using 
the metal film having poor wettability with the glass por- 
tion contradicts the technology of this publication. 
[0123] Japanese Laid-Open Patent Publication No. 
11-260315 discloses a closing structure without foils in 
10 an ultra-high press u re mercury I amp of 150W. Figure 14 
is a cross-sectional view of this closing structure. The 
closing structure 121 closes a luminous bulb 110 and 
has a conductive component-containing region (molyb- 
denum-containing region) and a conductive compo- 
15 nent-free region (molybdenum-free region). An elec- 
trode rod 112 is provided in the central hole of the clos- 
ing structure 121 without any gap by firing for securing. 
The surface of the electrode rod 112 positioned in the 
central hole in the conductive component-free region is 
coated with a high melting point metal thin film 135, and 
the surface of the electrode rod 112 positioned in the 
central hole in the conductive component-containing re- 
gion is coated with a high melting point metal powder 
136. In the conductive component-containing region, a 
cathode terminal 127 is buried and fixed. This publica- 
tion describes that when the electrode rod 112 is fired 
and secured in the central hole of the closing structure 
121, the high melting point metal thin film 135 and the 
high melting point metal powder 136 prevent cracks 
from being generated, even if intense firing for securing 
is performed. 

[0124] As understood from Figure 14, this closing 
structure 121 has no foils and is produced by a firing for 
securing process. Therefore, its basic structure is differ- 
ent from that of the present invention. 



Claims 

1 . A high pressure discharge lamp comprising a lumi- 
nous bulb in which a pair of electrodes are opposed 
to each other in the bulb, 

wherein at least mercury and halogen are 
contained in the luminous bulb, and 

at least one metal selected from the group 
consisting of Pt, Ir, Rh, Ru and Re is present in the 
luminous bulb. 

2. The high pressure discharge lamp according to 
claim 1, wherein an amount of mercury enclosed 
per unit volume of the luminous bulb is 230 mg /cc 
or more. 

3. The high pressure discharge lamp according to 
claim 2, wherein an amount of mercury enclosed 
per unit volume of the luminous bulb is 300 mg / cc 
or more. 
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ed from the group consisting of Pt, Ir, Rh, Ru and 
Re is formed on a surface of the portion of the elec- 
trode that is buried in the sealing portion, and 

A < B is satisfied, where A is a thickness of 
5 the metal film in a welded portion of the metal foil 
and the electrode, and B is a thickness of the metal 
film in portions other than the welded portion. 

13. A high pressure discharge lamp comprising: 

10 

a luminous bulb in which a pair of electrodes 
are opposed to each other in the bulb; 
a metal foil connected to the electrode by weld- 
ing; and 

15 a sealing portion extending from the luminous 

bulb and sealing the metal foil, 

wherein the metal foil and a portion of the 
electrode is buried in the sealing portion, 

20 a metal film made of at least one metal select- 

ed from the group consisting of Pt, Ir, Rh, Ru and 
Re is formed on a surface of the portion of the elec- 
trode that is buried in the sealing portion, and 

C < 2D is satisfied, where C is a width of the 

25 metal foil in a welded portion of the metal foil and 
the electrode, and D is an outer diameter of the elec- 
trode in the welded portion. 



4. The high pressure discharge lamp according to 
claim 1 , wherein an operating pressure in the lumi- 
nous bulb is 23 MPa or more. 

5. The high pressure discharge lamp according to 
claim 4, wherein an operating pressure in the lumi- 
nous bulb is 30 MPa or more. 

6. The h igh pressure discharge lamp according to any 
one of claims 1 to 5, wherein the metal present in 
the luminous bulb is Pt. 

7. A high pressure discharge lamp comprising: 

a luminous bulb in which a pair of electrodes 
are opposed to each other in the bulb, and 
a sealing portion extending from the luminous 
bulb and having a portion of the electrode there- 
in, 

wherein a metal film made of at least one met- 
al selected from the group consisting of Pt, Ir, Rh, 
Ru and Re is formed on a surface of at least a part 
of the portion of the electrode that is positioned in 
the sealing portion. 

8. The high pressure discharge lamp according to 
claim 7, wherein the electrode is connected to a 
metal foil provided in the sealing portion by welding, 
and 

the metal film is not formed on a welded por- 
tion with the metal foil, and formed on a surface of 
the electrode that is buried in the sealing portion. 

9. The high pressure discharge lamp according to 
claim 7 or 8, wherein a part of the metal constituting 
the metal film is present in the luminous bulb. 

10. The high pressure discharge lamp according to 
claim 7 or 8, wherein the metal film is made of Pt. 

11. The high pressure discharge lamp according to 
claim 7 or 8, wherein the metal film has a multilay- 
ered structure including an Au layer as a lower layer 
and a Pt layer as an upper layer. 

12. A high pressure discharge lamp comprising: 

a luminous bulb in which a pair of electrodes 
are opposed to each other in the bulb; 
a metal foil connected to the electrode by weld- 
ing; and 

a sealing portion extending from the luminous 
bulb and sealing the metal foil, 

wherein the metal foil and a portion of the 
electrode are buried in the sealing portion, 

a metal film made of at least one metal select - 



14. The high pressure discharge lamp according to 
30 claim 12 or 13, wherein a part of the metal consti- 
tuting the metal film is present in the luminous bulb. 

15. The high pressure discharge lamp according to 
claim 1 2 or 1 3, wherein the metal film is made of Pt. 

35 

16. The high pressure discharge lamp according to 
claim 12 or 13, wherein the metal film has a multi- 
layered structure including an Au layer as a lower 
layer and a Pt layer as an upper layer. 

40 

17. A high pressure discharge lamp comprising: 



a luminous bulb in which a pair of electrodes 
are opposed to each other in the bulb; and 
45 a sealing portion extending from the luminous 

bulb and having a portion of the electrode in- 
side, 

wherein a coil having at least one metal se- 
50 lected from the group consisting of Pt, Ir, Rh, Ru 
and Re on its surface is wound around the portion 
of the electrode that is positioned in the sealing por- 
tion. 

55 18. A high pressure discharge lamp comprising: 

a luminous bulb in which a pair of electrodes 
are opposed to each other in the bulb; 
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a metal foil connected to the electrode by weld- 
ing; and 

a sealing portion extending from the luminous 
bulb and sealing the metal foil, 

wherein the metal foil and a portion of the 
electrode are buried in the sealing portion, and 

a coil having at least one metal selected from 
the group consisting of Pt, Ir, Rh, Ru and Re on its 
surface is wound around the portion of the electrode 
that is buried in the sealing portion. 

19. The high pressure discharge lamp according to 
claim 17 or 18, wherein a part of the metal consti- 
tuting the metal film is present in the luminous bulb. 

20. The high pressure discharge lamp according to 
claim 17 or 18, wherein the coil has a metal film 
made of Pt on its surface. 

21. The high pressure discharge lamp according to 
claim 1 7 or 1 8, wherein the coil has a metal film hav- 
ing a multilayered structure including an Au layer as 
a lower layer and a Pt layer as an upper layer on its 
surface. 

22. The high pressure discharge lamp according to any 
one of claims 7 to 21 , wherein at least mercury and 
halogen are contained in the luminous bulb, and 

at least one metal selected from the group 
consisting of Pt, Ir, Rh, Ru and Re is present in the 
luminous bulb. 

23. The high pressure discharge lamp according to 
claim 22, wherein an amount of mercury enclosed 
per unit volume of the luminous bulb is 230 mg / cc 
or more. 

24. The high pressure discharge lamp according to 
claim 23, wherein an amount of mercury enclosed 
per unit volume of the luminous bulb is 300 mg / cc 
or more. 

25. The high pressure discharge lamp according to 
claim 22 wherein an operating pressure in the lumi- 
nous bulb is 23 MPa or more. 

26. The high pressure discharge lamp according to 
claim 25, wherein an operating pressure in the lu- 
minous bulb is 30 MPa or more. 

27. The high pressure discharge lamp according to 
claim 22, wherein the metal present in the luminous 
bulb is Pt. 

28. A method for producing a high pressure discharge 
lamp comprising the steps of: 



(a) preparing a glass tube including a luminous 
bulb portion that is to serve as a luminous bulb 
of a high pressure discharge lamp and a side 
tube portion extending from the luminous bulb 

s portion, 

(b) preparing an electrode structure in which 
one end of an electrode rod is connected to a 
metal foil by welding, and a metal film made of 
at least one metal selected from group consist- 

10 ing of Pt, Ir, Rh, Ru, and Re is formed on a sur- 

face of a part of the portion of the electrode rod 
that is positioned in the side tube portion, 

(c) inserting the electrode structure into the side 
tube portion such that a head of the electrode 

15 rod is positioned inside the luminous bulb por- 

tion, and 

(d) heating and sealing the side tube portion so 
that the side tube portion and the metal foil are 
attached tightly. 

20 

29. The method for producing a high pressure dis- 
charge lamp according to claim 28, wherein in the 
step (b), the electrode structure that satisfies A < B 
is prepared, where A is a thickness of the metal film 

25 in a welded portion of the metal foil and the elec- 
trode rod, and B is a thickness of the metal film in 
portions other than the welded portion. 

30. The method for producing a high pressure dis- 
30 charge lamp according to claim 28, wherein in the 

step (b), the electrode structure that satisfies C < 
2D is prepared, where C is a width of the metal foil 
in a welded portion of the metal foil and the elec- 
trode rod, and D is an outer diameter of the elec- 
ts trode rod in the welded portion. 

31. The method for producing a high pressure dis- 
charge lamp according to any one of claims 28 to 
30, wherein the metal film in the step (b) is made of 

40 Pt. 

32. The method for producing a high pressure dis- 
charge lamp according to any one of claims 28 to 
30, wherein the metal film in the step (b) has a mul- 
tilayered structure including an Au layer as a lower 
layer and a Pt layer as an upper layer. 

33. The method for producing a high pressure dis- 
charge lamp according to any one of claims 28 to 
32, wherein a part of the metal constituting the metal 
film is introduced into the luminous bulb portion by 

. heating in the step (d). 

34. A method for producing a high pressure discharge 
lamp comprising the steps of: 

(a) preparing a glass tube including a luminous 
bulb portion that is to serve as a luminous bulb 
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of a high pressure discharge lamp and a side 
tube portion extending from the luminous bulb 
portion, 

(b) preparing an electrode structure in which 
one end of an electrode rod is connected to a 
metal foil by welding, and a coil having at least 
one metal selected from group consisting of Pt, 
Ir, Rh, Ru, and Re on its surface is wound 
around the portion of the electrode rod that is 
positioned in the side tube portion, 

(c) inserting the electrode structure into the side 
tube portion such that a head of the electrode 
rod is positioned inside the luminous bulb por- 
tion, and 

(d) heating and sealing the side tube portion so 
that the side tube portion and the metal foil are 
attached tightly. 

35. The method for producing a high pressure dis- 
charge lamp according to claim 34, wherein in the 
step (b) of preparing an electrode structure com- 
prises: 

inserting the electrode rod in the electrode 
structure through the coil having the at least 
one metal on its surface; and 
welding the coil through which the electrode rod 
is inserted to the electrode rod. 

36. The method for producing a high pressure dis- 
charge lamp according to claim 34 or 35, wherein 
the coil in the step (b) has a film made of Pt on its 
surface. 

37. The method for producing a high pressure dis- 
charge lamp according to claim 34 or 35, wherein 
the coil in the step (b) has a metal film having a mul- 
tilayered structure including an Au layer as a lower 
layer and a Pt layer as an upper layer. 

38. The method for producing a high pressure dis- 
charge lamp according to any one of claims 34 to 
37, wherein a part of the metal coating the surface 
of the coil is introduced into the luminous bulb por- 
tion by heating in the step (d). 

39. The method for producing a high pressure dis- 
charge lamp according to any one of claim 34 or 38, 
further comprising introducing at least mercury and 
halogen into the luminous bulb portion. 

40. The method for producing a high pressure dis- 
charge lamp according to claim 39, wherein an 
amount of mercury enclosed per unit volume of the 
luminous bulb is 230 mg / cc or more in the intro- 
ducing step. 

41. The method for producing a high pressure dis- 



charge lamp according to claim 39, wherein an 
amount of mercury enclosed per unit volume of the 
luminous bulb is 300 mg / cc or more in the intro- 
ducing step. 
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